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Behavioral measurements ,an the water maze show night blindness in albino mice but cortical 
recordings show no difference between pigmented and congenic albino mice. Consequently we have 
measured the absolute threshold in albino and pigmented mice using an operant method. The 
estimated threshold value is -5 .3  log cd/m 2 for albino mice and -5 .5  log cd/m 2 for the pigmented 
mice. We conclude that threshold values depend on the behavioral paradigm used. Operant 
behavioral thresholds show that albino and pigmented mice detect levels of light similar to their 
VEP thresholds. Cognitive differences might influence the estimation of absolute behavioral 
threshold in albino animals. © 1997 Published by Elsevier Science Ltd. 
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INTRODUCTION 
Mice are frequently used in laboratory experiments, 
specially in fields such as pharmacology or genetic 
research. Information on the visual sensitivity of these 
animals is, however, scarce. At present, there is still 
uncertainty about the minimum amount of light a mouse 
can detect. Recently, behavioral measurements of dark- 
adapted threshold in congenic albino and pigmented mice 
(using a water maze) have been reported (Hayes & 
Balkema, 1993a). The authors found that the threshold of 
pigmented mice was -5 .0  log cd/m 2 and the threshold 
for albino mice was -3 .2  log cd/m 2. Using physiological 
measurements, we have reported a cortical threshold of 
-5 .2  log cd/m 2 for both albino and pigmented mice 
(Green et al., 1994). For pigmented mice, the cortical 
threshold of Green et al. (1994) and the behavioral 
threshold of Hayes & Balkema (1993a) values show 
coherence. This is not the case for albino mice since the 
behavioral threshold is 100 times higher (Hayes & 
Balkema, 1993a) than the VEP threshold reported by 
Green and colleagues. 
We were surprised by this difference because, in rats 
we had estimated the absolute threshold behaviorally 
(Mufioz Ted6 et al., 1994) and found no difference 
between albino and pigmented animals. Moreover, in 
rats, the behavioral threshold closely agreed with the 
VEP threshold of both albino and pigmented animals. 
Consequently, we decided to measure the behavioral 
threshold of congenic albino and pigmented mice (same 
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strain as used by Hayes & Balkema, 1993a) with the 
method previously used on rats. As reported here, the 
data show albino mice detecting light levels which are 
quite similar to those detected by pigmented mice. In 
addition, behavioral thresholds estimated in a Skinner 
box are close to VEP thresholds, both for albino and 
pigmented mice. 
METHODS 
Our goal in this study was to behaviorally estimate the 
absolute threshold of congenic albino and pigmented 
mice. An operant procedure has been used to look for 
light-induced changes in the responses to apple juice 
reinforcement. Statistically significant differences in 
behavior induced by the presence of the light stimulus 
provided clear evidence that a particular stimulus had 
been detected. 
Subjects 
Twelve mice, 10 weeks old, six pigmented C57BL/ 
6J+/+ and six congenic albino C57BL/6JcZJ/c 2j were 
obtained from Jackson Laboratories, Bar Harbor, Maine, 
U.S.A. Upon arrival in our facility the animals were 
housed individually on a 16-hr dark/8-hr light cycle basis. 
They were progressively water deprived to maintain them 
at 85% of their individual ad libitum consumption on 
experimental days, and allowed free access to water 
during the weekend. All procedures were in compliance 
with the Vision Research guidelines on the Use of 
Animals in Research. 
Materials and procedure 
The stimulus was a 5 sec train with 500 msec flashes 
and 250 msec between flashes. It was estimated to 
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subtend about 8 deg of visual angle, for an animal at the 
response bar and was generated by illuminating half a 
ping-pong ball from behind with a green LED. The 
spectral emission of the green LED (type XG556G from 
Jameco Electronics USA) was maximal at 565 nm, with a 
half-bandwidth of 28 nm. A computer delivered the 
flashes and controlled the timing and intensity of the 
stimulus. The intensity of the LED was controlled by 
varying the width of a constant current pulse that was 
delivered every 16msec. The pulse width ranged 
between 16 msec (brightest stimulus) and 1 #sec (dim- 
mest). The stimulus intensity ranged from -2 .2  to 
-7 .0  log cd/m 2 and could be varied in steps of 0.3 log 
units. The stimulus intensity was determined at the ping- 
pong ball and converted to scotopic d/m 2 by subtracting 
0.1 from the photopic instrumental readings. For more 
details see Mufioz Ted6 et al. (1994). 
The experimental sessions were scheduled so that the 
animals were always dark-adapted for at least 12 hr 
before the beginning of each session. Dim red light was 
used when placing the animals in and taking them out of 
the operant chamber. A daily session for each animal 
lasted 20 min with a total of 240 trials (40 stimulus 
presentations or light trials interweaved with 200 dark 
trials). 
Each 5 sec light trial was followed by a dark period of 
variable length (from 10 to 60 sec). The dark periods 
between trials were divided into 5 sec subintervals or 
dark trials. Therefore, each light trial was followed by a 
variable number of dark trials (from 2 to 12). 
Mice were trained to bar press in a Skinner box 
(Lafayette Instruments, IN; Model 80003) in the presence 
of the stimulus to obtain apple juice reinforcement. This 
model of the Skinner box was originally designed for rats. 
We adapted it for mice by changing the weight of the bar 
and reducing the inner space of the box (20cm 
length × 13 cm wide). The ping-pong ball was located 
above the response lever (Fig. 1). 
The reinforcement was delivered only once at each 
stimulus presentation, immediately after pressing the bar 
the first time during the 5 sec of light trial. If the animal 
did not press at all during this period, no reinforcement 
was delivered. 
The experiment was run in two phases. During the first 
phase, the training period, all 40 presentations of the 
stimulus in a daily session had the same intensity 
( -2 .5 log cd/m2). The training period for each animal 
terminated when it achieved stable performance. This 
took about 50 sessions. We considered performance tobe 
stable when the animal "saw" (see below) the stimulus in 
four consecutive sessions. The second phase, the testing 
period, followed. Now, rather than being fixed, the 
stimulus intensity was varied over a range of three or four 
steps per session (0.6-0.9 log units range). Within a 
session, each intensity was presented 8-12 times, and 
varied from trial to trial in a random order in the case of 
three intensities per session. When four intensities per 
session were used, the order of the stimuli was pseudo- 
random, preventing the highest intensity from appearing 
A 
P ing-pong ba l l  
Bar  
/ 
! t© 
/ / 
20 cm 
I 
I 
I 
I 
! 
LED 
I 
I ~ I  
I ~ I  
B 
) 
12.5  cm 
I 
FIGURE 1. Diagram of the modified Skinner box. The inner space was 
reduced and the pressing bar changed. (A) Front panel of test chamber. 
The filled rectangle corresponds to the bar. (B) Profile array of the front 
panel. The filled circled represented the LED behind half ping-pong 
ball. 
just before the lowest intensity in the tested set of that 
session. The length of the dark periods associated with 
each stimulus presentation was programmed so that, 
within a session, the number of dark trials (the total dark 
time) immediately preceding and following each inten- 
sity were equal. 
The average light intensity was gradually reduced 
between sessions (in steps of 0.3 log units) until the 
performance significantly dropped and the performance 
during the light and dark periods was no longer 
statistically different. Then, in the next session, the 
stimulus intensity was either not reduced or was 
increased one step and reduced again one step in the 
following days whenever the animal "saw" the light (in 
the Analysis section we describe what we consider to be a 
"seen" stimulus). By gradually repeating this procedure, 
we probed the lower limit of performance. This second 
phase of the experiment took about 35 sessions. 
Analysis 
As the stimuli approached threshold the number of 
light presentation eliciting responses became less regular 
and care was needed to distinguish stimulus-driven from 
random behavior. This was done by using a nonpara- 
metric statistical test to establish whether the patterns of 
light and dark trials with response in a session differed 
significantly (P < 0.05) from each other. 
Each daily session was scored as follows. The first five 
stimulus presentations and the corresponding dark trials 
were taken as practice trials and were excluded from 
analysis. The following 35 light trials were analyzed to 
determine, at each intensity, the number of times in 
which the animal presses the bar out of the 8-12 stimulus 
presentations. For each daily session, from the dark trials 
with and without response, P, the probability of an animal 
pressing the bar in the absence of the stimulus was 
estimated. 
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FIGURE 2. Sample behavioral data from one albino mouse. Data from the last 13 sessions of the testing period are illustrated. 
Letters "S" or "N" indicate whether or not the stimulus intensity presented on the particular experimental day produced 
significant changes in performance. 
To test whether the performance in the light differed 
significantly from that in the dark, a binomial test (Siegel, 
1956) was used. Considering the number of light trials 
with response at a particular intensity and the corre- 
sponding dark trials with response, we calculated the 
probability of  obtaining an equal or greater number of 
light trials with response by chance. If this probability 
value was 0.05 or less, we concluded that the behavior 
was not random and scored this intensity of  light as 
having been "seen" in that session (S on Fig. 2). If the 
probability was more than 0.05, we scored this intensity 
as having been not "seen" (N on Fig. 2). 
For each animal we obtained a percentage of "seen" 
sessions, throughout the second phase of the experiment, 
for each intensity. That is, we considered all the days in 
which an intensity was tested and how many days were 
scored as "seen" (S). 
For each group (albino and pigmented), we pooled 
together the individual data from the six animals and 
calculated the average percentage for each intensity. We 
have previously done a statistical analysis of variance and 
checked that individual animals did not differ between 
them. 
The average percentages vs the log intensity were 
plotted and a polynomial function of order two was fitted 
to data from each group. Threshold was defined as the 
value of the intensity corresponding to 20% of significant 
sessions in that function (see Fig. 3). 
RESULTS 
The procedure for determining threshold is illustrated 
in Figs 2 and 3. Figure 2 illustrates the performance of 
one albino mouse during the last 13 sessions. The vertical 
axis shows the stimulus intensities tested in a daily 
session. The letter S indicates that the light trials with 
response differed significantly from the dark trials with 
response, as indicated by the binomial test. The letter N 
indicates that the performance in the light did not differ 
significantly from that in the dark, as indicated by the 
binomial test. 
As an example, consider the performance on the 79th 
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FIGURE 3. (A) Average curves of the percentage ofsessions scored as 
"seen" against intensity for albino (open circles) and pigmented mice 
(filled circles). Bars correspond to the SEM. Numbers inside 
parentheses indicate how many subjects got some significant session 
at this intensity. (B) Polynomial function of order 2 fitted to the means 
for each group. Dashed lines correspond to 5 and 20%. 
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day, in Fig. 2. On that day, four intensities were tested (9, 
9, 9 and 8 times, respectively). The -4 .9  log cd/m 2 
stimulus was presented nine times and the animal 
responded to six of these presentations. On this day, the 
percentage of dark trials with response was 34% 
(responses in 48 of the 140 dark trials). Using the 
probability of a response in the dark for this day of 
P= 0.34 and the binomial test, the probability of 
obtaining six or more light trials with response by chance 
in a block of nine trials was 0.047. Since this probability 
is smaller than 0.05, this group of trials was scored as 
being significant (S). In contrast, at -5 .5 log cd/m 2 on 
that day, the animal responded to three of the nine 
stimulus presentations. The probability of this occurring 
by chance was 0.64, considerably more than 0.05 and 
consequently this stimulus was scored as non-significant 
(N). 
Data in Fig. 2 are limited to the last 13 sessions of this 
animal. However, the 39 sessions of the testing period for 
this animal were included in the analysis. From these 39 
sessions, we calculated the percentage of sessions cored 
as significant for each intensity. 
Applying this methodology to all the animals yielded 
the average percentages plotted in Fig. 3(A). Open circles 
correspond to the mean values of six albino mice and 
closed circles correspond to the mean values of six 
pigmented mice. Bars represent standard error of mean 
(SEM). 
Establishing threshold always requires ome arbitrary 
decisions. We could have chosen any number above 
chance level. Nevertheless, looking at Fig. 3 we can 
distinguish two different sets of data: the number of 
significant sessions reached in the four lower intensities 
tested is very similar and below 15% in all cases; a 
considerable increase in the number of significant 
sessions is observed for intensities of -5 .2  log cd/m 2 
and above. It is tempting to consider that -5 .2  log cd/m 2 
is the first clearly detectable intensity. 
We calculated threshold by adjusting a polynomial 
function of order 2 to the means for each group [Fig. 
3(B)] and we intrapolated the intensity value correspond- 
ing to 20% of significant sessions. This intensity 
corresponds to -5 .3 log cd/m 2 for the albino group and 
-5.5 log cd/m 2 for the pigmented group. These values 
are clearly below the previous behavioral estimate of 
absolute threshold for the albino group. The large 
difference observed by others between the albino and 
pigmented animals is substantially reduced in our 
estimate of absolute threshold. 
Additional information on the behavior of these 
animals is presented in Fig. 4. This figure shows, for 
each intensity, the percentage of light trials with response 
and the corresponding dark trials with response. That is, 
for each stimulus intensity, all the light trials in which 
that stimulus had appeared were considered and the 
percentage of trials with response was calculated. The 
percentage of dark trials with response immediately 
before and following the presentation of that particular 
intensity was also calculated. The points in Fig. 4 
represent the average data of the albino and pigmented 
groups. Data in Fig. 4(A) show the mean values for six 
albino mice (open symbols) and the points in Fig. 4(B) 
show the means for six pigmented mice (closed symbols). 
As shown in this figure the percentages of light and 
dark trials with response are more or less constant at high 
intensities. However, as we get closer to our estimated 
thresholds (indicated on the figure with arrows) the 
difference between light and dark trials decreases and the 
percentages are not distinguishably different. 
DISCUSSION 
This study has behaviorally measured the dark-adapted 
threshold of congenic albino and pigmented mice and has 
found a very small difference between both groups. Other 
behavioral studies have indicated that albino mice are 
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FIGURE 4. Percentage of light (circles) and dark (squares) trials with 
response as a function of the stimulus intensity. Data from every 
animal and session (testing period) were considered. (A) Data from the 
albino group. (B) Data from the pigmented group. Filled arrows 
indicate the estimated threshold for each group with the 5% criterion 
and open arrows correspond to 20% criterion. 
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significantly less sensitive than pigmented mice. In 
particular, in the water maze, the threshold for pigmented 
mice was reported to be -5.0 log cd/m 2 while that for the 
congenic albino subjects (Hayes & Balkema, 1993a) was 
-3.2 log cd/m z. 
Electrophysiological recordings (Green et al., 1994) on 
this same albino strain showed cortical responses at 
-5.2 log cd/m 2, which is 100 times lower than the 
behavioral threshold estimated on the water maze. We 
wondered whether the water maze was an appropriate 
means to behaviorally measure the absolute threshold of 
the albino mice. The performance on a water maze is a 
visually guided behavior demanding spatial integration. 
The differences between the albino and pigmented mice 
in the water maze might not reflect a deficit in visual 
sensitivity but difficulties in performing the task. A 
simpler motor task (bar pressing) might produce a lower 
threshold in these animals. A different behavioral method 
would show that the animal was able to detect he levels 
of light that its visual system is processing as reflected by 
the cortical recordings. 
We trained our animals to press a bar in a Skinner box 
for apple juice reinforcement. In this task, albino and 
pigmented mice detect levels of light around -5.4 log cd/ 
m,  that is 100 times below the albino threshold in the 
water maze. Thus, our estimate of operant behavioral 
threshold in albino mice differs by 2.1 log units from the 
estimate in the water maze (Hayes & Balkema, 1993a,b), 
while the difference for the pigmented mice is approx. 
0.5 log units. 
Two issues must be addressed. Firstly, why is our 
method able to show that mice detect light at levels where 
other methods fail? Secondly, why does the difference in 
threshold values between albino and pigmented mice 
almost disappear when estimated in a Skinner box? In 
any behavioral assessment of threshold one needs to 
recognize that the measure involves at least wo different 
factors: detection of the stimulus and performance of the 
task. Let us consider each of these. 
Detection of a light is determined by parameters such 
as the intensity of the stimulus, the wavelength, the size, 
the temporal pattern, etc. In the present study, we have 
expressed our stimulus in scotopic d/m 2 to be able to 
compare our green light and the white light (Hayes & 
Balkema, 1993a; Mufioz Ted6 et al., 1994). Nonetheless, 
although the intensities of the stimulus are directly 
comparable, the temporal patterns differed, The stimulus 
used in the water maze was a steady light and the one 
used in the Skinner box was a flashing light. As Hayes 
and Balkema noted, there are different populations of 
neurons that might differ in their temporal response 
patterns, so that detection of the stimulus could be 
affected by this parameter and the effect could be 
stronger on the albino animals. Different populations of 
neurons (Lennie & Perry, 1981; Friedman & Green, 
1982) could explain the wide difference in superior 
colliculus ingle units' recording between the albino and 
the pigmented mice obtained by Balkema (see Table 1) 
since a specific type of stimulus might trigger the 
response of a particular population of neurons and not 
the other. However, the difference disappears when mass 
recordings such as VEP are used to determine threshold 
(Herreros de Tejada et al., 1992; Green et al., 1994). The 
question then is whether the stimulus parameters 
necessary to trigger the response of a population of 
neurons are also determining the minimum amount of 
light an animal detects. Our data show that albino mice 
can detect levels of light more than 100 times dimmer 
than previously reported behavioral thresholds and that 
albino and pigmented animals can detect very similar 
levels. Therefore, one possibility is that the large 
difference between albino and pigmented mice noted 
by Hayes and Balkema only occurs with specific types of 
stimuli. Nonetheless, our data show a difference between 
the albino and pigmented group (0.20 log unit) that may 
be interpreted as a difference in sensitivity to light. If this 
difference exists, it could be due to many different 
anatomical nd physiological differences (Dodt & Echte, 
1961; Balkema, 1988). Anyway, this small difference 
appears at light levels below human threshold (see Table 
1). 
In addition to detection of the stimulus, behavioral 
measurements involve a second factor, the performance 
of a task. That performance mainly depends on the 
complexity of the task. Cognitive differences have been 
described between albino and pigmented animals (De- 
fries et al., 1966; Upchurch & Wehner, 1988; Paylor et 
al., 1993) and the performance in the water maze seems 
to us to be a more complex task than the Skinner box task. 
Firstly, bar pressing may be a simpler motor task than 
TABLE 1. Summary of literature on dark-adapted thresholds of albino and pigmented rodents 
Dark-adapted thresholds (log cd/m 2) 
Measurement Albino Pigmented References 
Mouse ERG -2.20 -2.00 
Mouse pupillometry - 1.60 - 1.79 
Mouse VEP -5.23 -5.19 
Mouse collicular units -0.64 2.10 
Mouse behavior(Water maze) -3.20 -5.00 
Mouse behavior(Skinner box) -5.30 -5.50 
Rat behavior(Skinner box) -5.20 -5.00 
Human psychophysics - -  -5.30 
Green et al. (1994) 
Green et al. (1994) 
Green et al. (1994) 
Balkema (1988); 
Balkema & Drager (1991) 
Hayes & Balkema (1993a) 
Present study 
Mufioz Ted6 et al. (1994) 
Mufioz Ted6 et al. (1994) 
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swimming. Secondly, in the Skinner box task, the light 
stimulus directly elicits the motor behavior needed to 
achieve the task. In the water maze the light determines 
the direction the animal must swim in involving a spatial 
guided behavior. In other words, in the Skinner box the 
light is the signal for doing something; in the water maze 
the light signals both how and where to do something. 
The complexity of the task might influence the 
performance and raise absolute threshold. If this is true, 
then the differences observed by Hayes & Balkema 
(1993a) may reflect a difference in cognitive abilities of 
albino and pigmented mice and not a difference in their 
sensitivity to light. 
In determining a behavioral threshold there is also the 
problem of evaluating performance. In our work we made 
two decisions in establishing the threshold criteria. First, 
the stimulus was scored as "seen" when, in a session, the 
number of light and dark trials with response differed 
significantly (0.05). A less strict criterion would lead to 
lower threshold values. Our criterion is very strict, 
nonetheless there is always the possibility that lower 
levels of light were detected, but we can be sure that the 
levels of light that we consider as seen are detected. 
Secondly, we defined threshold as the intensity that 
corresponded to 20% of "seen" sessions. We could 
redefine threshold values by considering the criterion as 
5, 10 or 15% "seen" sessions. As can be seen in Fig. 3 
different criteria can lead to small changes in the 
threshold values, but the basic findings remain un- 
changed. 
Next, let us consider the data in Fig. 4. These show a 
reduction in the percentage of dark trials with response as 
the stimulus intensity increases. The percentage of light 
and dark trials with response became indistinguishable 
below -6.1 log cd/m 2 for both groups. We think this 
reduction is due to an increase of the dark trials with 
response at low intensities. That is, when the probability 
of obtaining a reward decreases, the animal presses more 
often in the dark, as if "guessing". The effect is more 
accentuated in the albino data in Fig. 4(A) and probably 
reflects the difficulty of the task for these animals. Note 
that at -6.1 log cd/m z the albino percentages have 
merged, but the pigmented ones have not. If it reflects a 
genuine threshold ifference, the difference in sensitivity 
would be as small as described previously. 
Finally, we would like to consider the relationship 
between behavioral and physiological measures of 
luminance threshold. As we mentioned previously, being 
able to determine the impact of different manipulations 
on the visual sensitivity of an animal would be extremely 
relevant. Behavioral measurements are tedious and time- 
consuming. This is why it is so important to know if other 
techniques can provide an appropriate stimate of what 
an animal can see. Our work with rats showed that 
although ERG or pupillary thresholds are considerably 
higher than the behavioral threshold, VEP threshold 
agreed with behavior (Mufioz Ted6 et al., 1994). In mice, 
our behavioral thresholds are about 3.0 log units lower 
than ERG or pupillary thresholds and similar to the VEP 
threshold (see Table 1). Therefore, of the various 
electrophysiological techniques available, VEP gives a 
threshold closest o that of behavior. This close relation- 
ship is similar to what we previously found in rats. It may 
be noteworthy, as a point of reference, that the human 
threshold, estimated on the same apparatus was 
-5 .3  log cd/m 2. In other words, mice detect levels of 
light that are similar to human threshold. 
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